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Utilization of the marine biodiversity to foster
technological innovation
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Cyanobacterial ultrastructure and its relation to

genomic features (Pfams)
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Photosynth Res (2016) 129:147— oy 5.4
157 ' —r

M Peae03319 (Carbaxysome)

[ PrmAs24S, Plam13535. Plam287¢
M Poe09712 (PHA bodies) (Cyanopbycin granules)

B Plam0x3zs, Plm0534 (Glycogen granules)

B Pram02503 (Polyphosphate bodics)

° 3 W rian00741 (Gas Vesicles)

Los Alamos National Laboratory 8/12/21




Improve environmental stress tolerance
Increase tolerance to heat stress as a proxy for other stresses
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Increase Product Output

Increase yields of an isoprene-evolving mutant via pathway engineering

Isoprene from glucose Isoprene from bicarbonate
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Improve CO, fixation machinery

Streamlined assembly of carboxysomes

'---~

Yk

Carbonlc anhydrase

[E—Y
Shell proteins
(CecmK, CcmO)(Ceml)

Wildtype carboxysome Streamlined carboxysome

 Flexibility of subunits under environmental conditions

Fixed stoichiometry of the composing domains

» Several subunits required for transfer to other organisms ¢ Increased portability (fewer number of proteins required)

Simplified assembly and regulation (one core
assembly protein) in other organisms

« Complex assembly and regulation in other organisms

« Potential for improvement
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Improve CO, fixation machinery

Streamlined assembly of carboxysomes

Wild type/RbcL-GFP COREA2/RbcL-GFP COREA2/CcmC*/RbcL-GFP COREA3/CcmC*/RbcL-GFP

Log OD5,

GOt | Wild type/RbcL-GFP 0 —
>0 COREA2/RbclL-GFP 0 10 20 30 40 50

time (h
(h) COREA3/CcmC/RbcL-GFP

time (h) * Upon change from 5% CO- to air
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Research at LANL

3) Customized PHA
production In
cyanobacteria

1) Increasing CO,
fixation in
microalgae

AAAAAAAAAAAAAAAAAA

2) Increasing
carbon storage
compounds In

microalgae

EEEEEEEEEEEE Energy Efficiency &

u.s.
ENERGY Renewable Energy

BIOENERGY TECHNOLOGIES OFFICE
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Increasing carbon flux towards RuBisCO

Carbonic anhydrase overexpression:
Mo « CAH1 and CAHG6: Shift the equilibrium towards
HC.O3 W bicarbonate (decrease CO, leakage).

HIa3l  cano |1 « CAH3: Produce more CO, available for
HCOs<— CO, RuBisCO.

\ « CAH4: Mobilize bicarbonate pool from
mitochondria to the CCM.

« BCA: Shown previously to increase
photosynthetic efficiency in plants.

Cah6 \ v

HCO; = - €O,

HCO5

\ s ” Cah4
/

€O, HCOj transporter overexpression:
e HLA3 and LCIA: Increase the bicarbonate

/ flux towards the chloroplast.
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Challenge overcome: Development of a transformation

method for Chlorella sorokiniana

P - Biolistic DNA delivery and antibiotic selection
S K ) frequently yielded too many false positives.
Screening practically impossible.

v’ Electroporation, Flow cytometry and Physiology

> Delivered fluorescent molecules by > Screened different culture conditions
electroporation, screened by flow for recovery, selective pressure.
cytometry
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LANL team pushes boundaries of the state-of-technology

PACE V1.1

\Terminator psaD\Term n‘f —
=> PACE V1.2
Actin\Promot ter
G418 cassette

Overexpression mutants in CS:
« RG: CAH1, CAH4, HLA3, BCA,
LCIA

« SN:SNRK
Britton T. et al. (In preparation)

7869 bp

5340 Sacl (1)[\
5322 Notl (1)
Nitrate reductase prom \A
( 3199 Ndel (1)
4723 Pacl (1) {

eeeeeeeeee

« EG: PiOxi, P5CS

« JM: Guar Gum synthesis

« CSM: Increasing Carbon sink
WSU: 2-Phenylethanol synthesis

|
3916 BamHiI (1)

e w“f e
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Gene stacking likely required to increase carbon fixation rates

HCO5

-

Single overexpression mutants generated
in CS:
« RG: CAH1, CAH4, HLA3, BCA, LCIA

» No positive phenotype observed
In single mutants. Likely, multiple
gene overexpression required to
cross all cellular barriers

I~ e/
sza\X/ \X/

o8 I ANSR A
¢

Los Alamos National Laboratory
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Photosynthetic capacity studied by limiting carbon availability

Proportion of *C Corr BC (Media) Proportion of 1°C Core ¢ (Algne]
22=Unithe oumig| ¢ 13C  discrimination  tool
| developed in N. salina was
implemented for measuring
| | carbon use efficiency in
Do — 0Pt 1 Chlorella sorokiniana

Zidenga et al. Algal Research (2018)
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Photosynthetic capacity studied by limiting carbon availability

i 13
Proportion of 13C Corr B3¢ (Media) Proportion of 1*C Corr C (Algae)

CO;, Limiting

oumig| ¢ 13C  discrimination  tool
developed in N. salina was
implemented for measuring
carbon use efficiency in
Chlorella sorokiniana

€O, On Demand €O, On Demand

Time (hours) Time (hours)

Zidenga et al. Algal Research (2018)

... which we are using to evaluate Carbonic anhydrase (CA) mutants in
Nannochloropsis gaditana (Matt Posewitz, CSM)

Headspace analysis of N. gaditana Growth comparison of CA mutants vs WT
CO, On demand CO, Limiting
4500 18 6
4000 16 . o 1
g o " g CAH3_2 T :
2 00 12 = g * ) 74
® 2500 X = CAH4 7 I ¥ 1
@' 2000 10 9 g 3 1 =
g 8 -] © e
2 1500 g > .
o' 1000 6 S o
O 1 _
T 500 4 s
0 1 2 3 4 0
Time (days) 0 1 2 3 4 5 6 7 8 9 10
—e—td_12C02 (ppm) d 13C (%) Time (days)
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Presentation Outline
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Multiscale Characterization:

Increasing carbon storage molecules in algal biomass

« Algae accumulate carbon storage compounds (lipids, carbohydrates)
after Nitrogen depletion
P. soloecismus

40,
Carbohydrate

351
30+
25-
20+

0D750 or
Biochemical Content (% DW)

154
10+

5-

0
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (days)

Gonzalez-Esquer CR et al. Algal Research
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Multiscale Characterization:

Increasing carbon storage molecules in algal biomass

« Algae accumulate carbon storage compounds (lipids, carbohydrates)
after Nitrogen depletion
P. soloecismus

IS
g

Carbohydrate

OD750 or
Biochemical Content (% DW)
- - N N w w
S e Q9 2 o9

2 o

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (days)

* Proportion of lipids vs carbohydrates may vary under culture conditions
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Gonzalez-Esquer CR et al. Algal Research
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Los Alamos National Laboratory 8/12/21 | 17



Increasing Carbon Storage in Transgenic Algae
Overexpression of a H*-pumping pyrophosphatase (AVP1)

* Avplin plants:

Glycolysis
Oxidative phosphorylation

Syntheses of proteins,
Cellular RNAs and cellulose
<:: ®-’ Fatty acid -oxidation L4
A | .
ADP, Pi ATP
@D .. .

Avpl overexpression:

Cytosol

Vacuole

H*-PPase

H*-ATPase |

* PP,homeostasis (metabolic regulation)
Creates H* gradient for ATP synthesis
Phloem loading/sucrose transport

* Increases biomass, salt tolerance, and
drought tolerance in crops like cotton,

24 He tomato, rice, and wheat.
BB . > Avpl overexpression effect unknown in algae
* AVP1 overexpression increases carbohydrates under N deplete conditions
Growth = -
" o % FAME £ ., % Carbohydrates
E’ * : *
8 T3 2 209 = /% é 304 o« .
Ss- ‘./"."“‘+§;‘ § 151 i/\ =Z‘ i\ :.
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K Wright, R. Gonzalez, T. Dale
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AVP1 overexpression decreases intracellular pH
and diminishes growth on low PO, conditions

Low PO4 comparison
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AVP1 overexpression improves biochemical
composition (increased C storage) of algal
biomass, likely due to PP; synthesis (provoking
an intracellular P-limiting condition) .
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BioManiac: Can we leverage biodiversity to match/increase performance

of chemically developed materials?

We use Polyhydroxyalkanoates (PHA) as case study. PHAs are carbon
storage molecules with can be used as bioplastic precursors.

PHA cyanobacteria # PHA heterotrophic bacteria
Machine Learning

Metabolism
RS : Fi
Propionic acid Glucose nUfo.O!
ATP + CoASH Mo Surs
CoA synthetase > TCA cycle " ace
AMP + PPi f y T
propionyl-CoA acetyl-CoA  (2x) e . ' v > [
e - - : P
/’—_df'_/ : g +
I-ketothiolase  (1x) 2 '
CoASH 4———'/ (‘ ASH
3-keto al ryl-CoA acetoac l\l CoA
NADPH + H- NADPH + H-
\ acetoacetyl-CoA
/ reductase
NADP™ NADP™
R-(-) 3-hydroxyvaleryl-CoA R-(-) 3-hydroxybutyrl-CoA

CoASH

L’ CoASH

Ojumu & Solomon, 2004)
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Assessment of ML-Predicted Genes by Overexpression
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Gene targets were synthesized into Psba2KS vector and
transformed into PCC 6803

(3468)

Synechocystis sp. PCC 6803
mutants (Total: 31)
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PCR screening of genomic integration
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Testing mutant genome
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Validation (CyanoGEBA-ML in PCC 6803)

» Growth phenotypes in two « PHB accumulation via
different culture conditions BODIPY/Flow cytometry
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Concluding remarks

* LANL is at the forefront of genetic engineering of microalgae

— We have developed genetic engineering toolboxes for many strains, including
Picochlorum soloecismus, Nannochloropsis salina, Chlorella sorokiniana

— We have implemented such toolboxes for generating mutants with favorable phenotypes

 We have the opportunity to integrate metabolic features from
different species (cyanobacteria>microalgae>plants) into a

synthetic biology discovery and developmental platform

—We can leverage the cyanobacterial metabolic “simplicity” to engineer complex
organisms, i.e. for the production of renewable polymers

— Unrivaled ‘omics and machine learning scientific collaboration
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